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Specification 

1 . Title of the Invention 

NON-AQUEOUS ELECTROLYTE BATTERY 

2 . Claims 

(1) A battery comprising a negative electrode made of 
lithium or lithium alloy as an active material, a positive 
electrode, a non-aqueous electrolyte made of a solute and an 
organic solvent and a separator, wherein the organic solvent 
is made of at least two cyclic carboxylic acid esters and a 
high boiling solvent. 

(2) The non-aqueous electrolyte battery as described 
in Claim (1), wherein the two cyclic carboxylic acid esters 
are selected from the group consisting of ethylene carbonate, 
propylene carbonate and butylene carbonate. 

(3) The non-aqueous electrolyte battery as described 
in Claim (1), wherein the high boiling solvent comprises at 
least one selected from the group consisting of Y -butyro lactone, 
sulfolane, dimethyl sulfite, dimethyl sulfoxide and 3- 
methyl-2-oxazolidone. 

3. Detailed Description of the Invention 
(a) Industrial Field of Application 

The present invention relates to improvements in a 
non-aqueous electrolyte battery comprising a negative 
electrode made of lithium or lithium alloy as an active material , 
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a positive electrode and a non-aqueous electrolyte made of a 
solute and an organic solvent, particularly in the electrolyte. 

(b) Related Art 

As the solute and solvent constituting the non-aqueous 
electrolyte for this type of a battery there have been various 
compounds. Known examples of the aforementioned solute 
include lithium perchlorate (LiClOJ, lithium 
tetrafluoroborate (LiBF 4 ) , lithium tr if luoromethane sulfonate 
(LiCF 3 S0 3 ), etc. Known examples of the aforementioned solvent 
include propylene carbonate (PC), 1 , 2-dimethoxy ethane (DME), 

Y-butyrolactone (y-BL), etc. 

In recent years, with the extension of the field to which 
this type of a battery is applied, it has been desired to improve 
battery performances. One of the battery performances to be 
improved is storage properties. 

- Electrolytes comprising a cyclic carboxylic acid ester 
(PC, EC, etc.) among these organic solvents exhibit good 
storage properties . This is thought because a film of lithium 
carbonate (Li 2 C0 3 ) is formed on the surface of the negative 
electrode to protect the negative electrode. However, since 
the lithium ion conductivity of Li 2 C0 3 f ilm is not too good, 
the resulting battery leaves something to be desired in high 
rate discharge performance after storage, 
(c) Problems that the Invention is to Solve 

The invention has been worked out in the light of the 
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aforementioned problems . An aim of the invention is to provide 
a non-aqueous electrolyte battery having an enhanced high rate 
discharge performance after storage and hence excellent 
storage properties . 

(d) Means for Solving the Problems 

The invention concerns a non -aqueous electrolyte battery 
comprising a negative electrode made of lithium or lithium 
alloy as an active material, a positive electrode, a non- 
aqueous electrolyte made of a solute and an organic solvent 
and a separator, wherein the organic solvent is made of at least 
two cyclic carboxylic acid esters and a high boiling solvent. 

As the at least two cyclic carboxylic acid esters there 
are preferably used those selected from the group consisting 
of ethylene carbonate, propylene carbonate and butylene 
carbonate. 

As the high boiling solvent there is preferably used at 
least one selected from the group consisting of Y -butyrolactone, 
sulfolane, dimethyl sulfite, dimethyl sulfoxide and 3- 
methyl-2-oxazolidone. 
(e) Action 

As in the invention, when a non-aqueous electrolyte 
having a solute incorporated and dissolved in an organic 
solvent formed by at least two cyclic carboxylic acid esters 
and a high boiling solvent is used, these organic solvents exert 
a synergistic effect of forming a dense film having a high 
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lithium ion conductivity on the surface of the negative 
electrode even after storage. As a result, a non-aqueous 
electrolyte battery having an excellent high rate discharge 
performance after storage can be provided. 

t 

As the two cyclic carboxylic acid esters there are 
preferably used those selected from the group consisting of 
ethylene carbonate, propylene carbonate and butylene 
carbonate. 

As the high boiling solvent there is preferably used at 
least one selected from the group consisting of y-butyrolactone , 
sulfolane, dimethyl sulfite, dimethyl sulfoxide and 3- 
methyl-2-oxazolidone . 

(f ) Example 

[Example 1] 

An example of the invention will be described with 
reference to a flat non-aqueous electrolyte battery shown in 
Fig. 1. 

A negative electrode 1 made of metallic lithium is 
contact-bonded to the inner surface of a negative collector 

2 which is contact-bonded to the inner bottom surface of a 
negative electrode can 3 having a substantially U-shaped 
section made of a f errite-based stainless steel (SUS430) . The 
peripheral edge of the aforementioned negative electrode can 

3 is fixed to the interior of an insulating packing 4 made of 
polypropylene to the periphery of which a positive electrode 



can 5 made of stainless steel which has a substantially U- 
shaped section facing in the direction opposite that of the 
negative electrode can 3 is fixed. To the inner bottom surface 
of the positive electrode can 5 is fixed a positive collector 
6 to the inner surface of which a positive electrode 7 is fixed. 
A separator 8 impregnated with an electrolyte is provided 
interposed between the positive electrode 7 and the 
aforementioned negative electrode 1. 

The aforementioned positive electrode 7 is prepared as 
follows, in some detail, manganese dioxide which had been 
subjected to heat treatment at a temperature of from 350 °C to 
430°C was used as an active material. This manganese dioxide, 
a carbon powder as an electrically-conducting material and a 
f luororesin powder as a binder were then mixed at a weight ratio 
of 85 : 10 : 5. Subsequently, the mixture was press ured-molded, 
. and then subjected to heat treatment at a. temperature of from 
250°C to 350°C to prepare the positive electrode 1. 

Separately, the negative electrode 1 was prepared by 
punching a rolled lithium plate into a predetermined size. 

The battery thus prepared had a diameter of 20 mm, a 
thickness of 2.5 mm and a capacity of 130 mAH. 

As the electrolyte there was used one having LiClO 4 
dissolved as a solute in a 30 : 30 : 40 (by volume) mixture 
of propylene carbonate (PC), ethylene carbonate (EC) and 
Y -butyrolactone ( y-BL ) in a proportion of 1 mol/1. Thus, an 
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inventive battery. (A), was prepared. 

Subsequently, in order to examine the superiority of the 
inventive battery (A) , comparative batteries (X J , (X 2 ) and (X 3 ) 
which differ from the inventive battery (A) only in the 
formulation of electrolyte were prepared. 

As the electrolyte there was used one having LiClO 4 
dissolved in PC in a proportion of 1 mol/1 for the comparative 
battery (X,) , one having LiClO, dissolved in EC in a proportion 
of 1 mol/1 for the comparative battery (X 2 ) and one having LiClO, 
dissolved in y-BL in a proportion of 1 mol/1 for the comparative 
battery (X 3 >. 

These batteries were then examined for discharge 
performance. Figs. 2 and 3 each illustrate the discharge 
performance of these batteries. Fig. 2 illustrates the 
initial performance of the batteries which have been discharged 
with a: constant resistivity of 500 Q at 25°C immediately after 
assembly. Fig. 3 illustrates the storage properties of the 
batteries which have been discharged with a constant 
resistivity of 500 Q at 25°C after 3 months of storage at 60 °C 
since assembly. 

As can be seen in Figs . 2 and 3 , there can be recognized 
no difference in initial performance between the inventive 
battery and the comparative batteries. However, the 
performances after storage, i.e. , storage properties show that 
the inventive battery (A) is superior to the comparative 
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batteries. This is thought attributed to the mechanism that 
the mixing of two cyclic carboxylic acid esters with one high 
boiling solvent makes it possible to form a dense film having 
a high lithiumion conductivity on the surface of the negative 
electrode. 

Subsequently, the inventive battery (A) was examined for 
the change of discharge capacity after 3 months of storage at 
60°C with the change of mixing ratio of PC, EC and y-BL. The 
results are shown in Fig. 4. As can be seen in Fig. 4, it is 
desirable that the amount of y-BL to be added to the cyclic 
carboxylic acid ester be from 10 to 60 vol-% . A similar trend 
was observed when other high boiling solvents were used. 
[Example 2] 

An inventive battery (B) was prepared from LiCF ,S0 3 (1 
mol/1) as a solute and a 30 : 30 : 40 mixture (by volume) of 
ethylene carbonate (EC) , butylene carbonate (BC) and sulfolane 
(SL) as a solvent in the same manner as in Example 1. 

Comparative batteries (Y x ), (Y 2 ) and (Y 3 ) were prepared 
from EC, BC and SL, respectively, in the same manner as in 
Example 1 . 

These batteries were then compared in discharge 
performance in the same manner as in Example 1. 

Figs. 5 and 6 illustrate the discharge performance of 
batteries indicating the initial performance and the storage 
properties, respectively, of the inventive battery (B) and the 
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comparative batteries. (Y>), (Y 2 ) and, (Y 3 ). " As can be seen in 
these results, the inventive battery (B) exhibits excellent 
storage properties as compared with the comparative batteries 

(Y x ), (Y 2 ) and (Y,). 

[Example 3 ] 

An inventivfe battery (C) was prepared fromLiPF 6 (1 mol/1) 
as a solute and a 30 : 3d : 40 mixture (by volume) of propylene 
carbonate (PC), butylene carbonate (BC) and 3-methyl-2- 
oxazolidone (3Me-20x) as a solvent in the same manner as in 
Example 1 . 

Comparative batteries (Z x ), (Z 2 ) and (Z 3 ) were prepared 
from PC, BC and 3Me-20x, respectively, in the same manner as 
in Example 1. 

These batteries were then compared in discharge 
performance in the same manner as in Example 1 . 

.Pigs : 7 and 8 illustrate the discharge, performance of 
batteries indicating the initial performance and the storage 
properties, respectively, of the inventive battery (C) and the 
comparative batteries (Z,), (Z 2 ) and (Z 3 ). As can be seen in 
these results, the inventive battery (C) exhibits excellent 
storage properties as compared with the comparative batteries 

(Z x ), (Z 2 ) and (Z 3 ). 

(g) Advantage of the Invention 

As described in detail above, in accordance with the 
invention, a dense lithium ionically-conductive film can be 
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formed on the surface of the negative electrode even after 
prolonged storage, making it possible to inhibit the 
deterioration of discharge performance even after storage and 
hence drastically enhance the storage properties of this type 
of a non-aqueous electrolyte battery. This effect has an 
extremely great industrial value. 
4 . Brief Description of the Drawings 

Fig. 1 is a longitudinal sectional view of a non-aqueous 
electrolyte battery of the invention; 

Figs. 2 and 3 each illustrate the discharge performance of 
batteries wherein Fig. 2 illustrates the initial performance 
of the batteries and Fig. 3 illustrates the storage properties 
of the batteries; 

Fig. 4 illustrates the relationship between the mixing ratio 
of solvents and the discharge performance after storage; 

Figs. 5 and 6 each illustrate the discharge performance 
of batteries wherein Fig. 5 illustrates the initial performance 
of the batteries and Fig. 6 illustrates the storage properties 

of the batteries; and 

Figs. 7 and 8 each illustrate the discharge performance 
of batteries wherein Fig. 7 illustrates the initial performance 
of the batteries and Fig. 8 illustrates the storage properties 

of the batteries . 

1 ... Negative electrode; 2 . . . Negative collector; 3 
Negative electrode can; 4 ... Insulating packing; 5 ... 
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Positive electrode can; 6 ... Positive collector; 7 ... 
Positive electrode; 8 ... Separator 
A, B, C Inventive battery 

X x , X 2 , X„ Y r/ Y 2 , Y 3/ Z lf z/, Z 3 ... Comparative battery 
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